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1
DUAL FLOW AIR INJECTION
INTRATURBINE ENGINE AND METHOD OF
OPERATING SAME

BACKGROUND OF THE INVENTION

This invention relates generally to turbine engines and
more particularly to such an engine that does not have a
combustion chamber.

Gas turbine engines are known and include a plurality of
sections which are typically mounted in series. Typically a fan
delivers air to a compressor. Air is compressed in the com-
pressor and delivered downstream to be mixed with fuel and
combusted in a combustion section. The products of combus-
tion move downstream over turbine rotors. The turbine rotors
include a plurality of blades which rotate with the rotors and
are driven by the products of combustion. The turbine rotors
drive components within the gas turbine engine including the
fan and the compressor. An afterburner may also be utilized
downstream from the turbine section followed by a nozzle.
The products of combustion along with air bypassing the
engine core produces thrust.

In order to improve the performance of turbine engines,
particularly the turbojet or turbofan engines, it has been com-
mon to increase sizes, rotational speeds and/or operating tem-
peratures. This has presented challenges to building reliable
engines and has also increased weight. There is thus aneed for
a turbofan gas turbine engine which is smaller than the cur-
rently-utilized turbofan engines but at the same time produces
increased thrust and is more efficient in operation.

SUMMARY OF THE INVENTION

An engine which includes an air intake and a compressor
section having first and second separate flow paths coupled to
the air intake, the first flow path containing only air and the
second flow path containing a fuel rich fuel air mixture having
an equivalence ratio above the mixture’s flammability limit, a
burner turbine section coupled directly to the compressor
section without passing through a combustion chamber and
means for injecting air from the first flow path into the fuel
rich fuel air mixture of the second flow path in the burner
turbine section to generate intraturbine diffusion layer burn-
ing of the fuel air mixture.

The operation of the engine of the present invention
includes providing an air flow into the intake of the engine,
splitting the air flow into two separate and distinct air flow
paths, injecting fuel into one of the two flow paths in an
amount sufficient that the equivalence ratio thereof is above
the mixture’s flammability limit, compressing the air and the
fuel rich air fuel mixture, injecting the fuel rich mixture into
a burner turbine section of the engine, and injecting air from
the first flow path into the burner turbine section to generate
intraturbine diffusion layer burning of the fuel air mixture and
continuing the burning.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram generally illustrating the various
sections of the engine of the present invention;

FIG. 2 is a schematic representation of the positioning of
the various sections of the engine both longitudinally and
radially;

FIG. 3 is a graph illustrating the equivalence ratio of the
fuel air mixture at various positions in the engine;

FIG. 4 is a graph illustrating the temperatures in the engine
at various positions thereof;
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FIG. 5 is a schematic representation illustrating the com-
pressor and the burner turbine sections of the engine of the
present invention;

FIG. 6 illustrates the engine including the fan and bypass
sections thereof;

FIG. 7 is an enlarged view of the compressor and burner
turbine sections of the engine as shown in FIG. 6;

FIG. 8 is a graph comparing the non-dimensional thrust as
compared to air speed of the engine of the present invention
with a typical modern turbofan engine;

FIG. 9 is a graph illustrating the comparison of the specific
impulse with respect to air speed of the engine of the present
invention with a typical modern fan engine;

FIG. 10 is a graph illustrating the propulsive efficiency
compared to air speed of the engine of the present invention
compared to a typical modern turbofan engine; and

FIG. 11 is a graph comparing the size of the core of the
invention engine to the core of a typical turbojet engine.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In accordance with a preferred embodiment of the present
invention, the engine includes an air intake into which air
moves into a compressor section of the engine. The compres-
sor section of the engine includes two separate and distinct
flow paths. The air in the first flow path is compressed by the
compressor section. At the same time fuel is injected into the
second flow path of the compressor in an amount such that the
equivalence ratio of the fuel air mixture is above the mixture’s
flammability limit and the compressor compresses this fuel
rich fuel air mixture and at the same time thoroughly mixes
the fuel and the air. The compression of the fuel air mixture
heats the mixture to above its auto ignition temperature, how-
ever, because the equivalence ratio of the mixture is well
above the flammability limit, ignition or burning does not
occur. The hot fuel rich fuel air mixture is then directed into a
turbine section of the engine. Once it is into the burner turbine
section, air under pressure from the first flow path is intro-
duced into the burner turbine section and when this occurs,
diffusion layer burning is generated so that intraturbine burn-
ing occurs and continues until the fuel rich mixture’s equiva-
lence ratio has been dropped from the high number at which
it entered the turbine to the fuel’s upper flammability limit
equivalence ratio.

In reference to the drawings and more particularly to FIG.
1, there is illustrated a simplified block diagram of the various
portions of the engine constructed in accordance with the
principles of the present invention. As is therein shown, there
is provided an air intake 10 which is coupled to a compressor
section 12. The compressor section 12 defines a first com-
pressor flow path 14 and a second compressor flow path 16.
Thus the air which enters the air intake 10 is divided into these
two separate flow paths. The compressor compresses the air
in the first flow path and directs it as shown by the arrow 18
into a reservoir 20 for the compressed air. Fuel from a fuel
source 22 is connected as shown at 24 to the second compres-
sor flow path 16. Fuel from the fuel source 22 is then injected
into the second compressor flow path in an amount sufficient
that the equivalence ratio of the fuel rich fuel air mixture in the
second flow path is above the mixture’s flammability limit.
By so doing, even though the compressor compresses the fuel
rich fuel air mixture and as a result heats it, the fact that the
fuel air mixture is above the mixture’s flammability limit, the
fuel air mixture will not ignite. It should be clearly recognized
that the two flow paths are maintained completely separate
and distinct in the compressor section 12 of the engine. The
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compressed fuel air mixture which has been thoroughly
mixed by the compressor is then directed as shown by the
arrow 26 into a burner turbine section 28. After the fuel rich
fuel air mixture has been injected into the burner turbine
section 28, a portion of the air from the reservoir 20 is injected
into the burner turbine section as shown by the arrow 30. The
injection of the air into the fuel rich fuel air mixture in the
burner turbine causes intraturbine diffusion layer burning of
the fuel air mixture. The intraturbine burning will continue in
the burner turbine section 28 until the fuel rich fuel air mix-
ture’s equivalence ratio drops to the fuel’s upper flammability
limit equivalence ratio. The combustion products from the
burner turbine section 28 are then passed into an afterburner
32 as shown by the arrow 34. Additional air from the reservoir
20 is also injected into the afterburner 32 as shown by the
arrow 36. By adding the additional air into the mixture, the
entire volume of fuel air mixture which has not previously
burned in the burner turbine section 28 will now combust and
will be passed through a nozzle 38 as shown by the arrow 40
to provide thrust as is well known in the turbine engine art.

By referring now more particularly to FIG. 2, there is
illustrated a schematic of an engine of the present invention as
generally described in conjunction with the block diagram of
FIG. 1. The schematic as shown in FIG. 2 is generated to
illustrate the various longitudinal positions of each of the
elements within the engine as well as the radial positions
thereof within the engine. Such is accomplished by showing
the engine longitudinal position along the abscissa and the
engine radial position along the ordinate. Obviously these are
relative and are illustrated in schematic form only. In addition
thereto, the schematic of FIG. 2 illustrates not only the ele-
ments of the core of the engine as shown in the block diagram
of FIG. 1, but also adds the additional elements of a fan 42 and
abypass 43 for the typical turbofan engine. As shown in FIG.
2, at the beginning of the engine, there is provided the fan 42
which generates an air flow into the intake of the compressor
44 as shown by the arrow 46. The compressor is divided into
two sections as shown at 48 and 50 to illustrate the fact that
there are two distinct flow paths. Fuel from a source 52 is then
injected as shown by the arrow 54 into the top flow path 50 of
the compressor 44. The compressor 44 then compresses the
air in the bottom of the first flow path 48 and directs it into a
reservoir 56 for the compressed air. The fuel rich air fuel
mixture in the top flow path 50 is then directed into the turbine
burner section 58. Air flow the air reservoir 56 is then injected
into the fuel rich air fuel mixture in the turbine burner section
to generate the intraturbine diffusion layer burning of the fuel
rich fuel air mixture. The combustion products from the tur-
bine burner section then pass as shown by the arrow 60 into an
afterburner section 62. Additional air from the air reservoir 56
is then injected into the afterburner 62 as shown by the arrow
64 to cause any residual amount of the fuel air mixture that has
not combusted in the turbine burner section to combust in the
afterburner. The final combustion products are then injected
into and pass through the nozzle 66 as shown by the arrow 68
to produce thrust along with the bypass air as shown by the
arrows 70 and 71.

Reference now is made to FIG. 3 which is a graph which is
taken by reference to the longitudinal position of the various
portions of the engine as shown in FIG. 2 and shows the
equivalence ratio ofthe fuel air mixture at various positions in
the various sections of the engine. As is shown, when the fuel
is injected, the fuel air mixture has an equivalence ratio above
the upper flammability limit and such is indicated at 72. The
fuel is thoroughly mixed and the equivalence ratio remains at
the level shown in 72 throughout this mixing stage as the fuel
rich air fuel mixture is compressed. When the fuel air mixture
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is then passed into the turbine burner section and the air from
the air reservoir is also injected, the burning of the fuel begins
so that there is intraturbine diffusion layer burning and as
such occurs, the equivalence ratio begins to drop as shown by
the curve 74 until it reaches the upper flammability limit
equivalence ratio of the fuel as is shown at 76. Once the
combustion products from the turbine burner section are
passed into the afterburner additional air is also injected
therein and combustion occurs in the afterburner.

As shown in FIG. 4, temperatures at various positions in the
engine are illustrated and as indicated at 78 there is the ambi-
ent temperature. Then as the air is injected into the compres-
sor, the temperature begins to rise as shown at 80 and then at
the exit of the compressor section, the temperature is shown at
82. Then as the fuel air mixture is burned in the turbine burner
section, the temperature increases as shown at 84 until it
reaches an upper level as shown at 86 where it remains rela-
tively constant during the intraturbine burning of the fuel air
mixture. Thereafter when the combustion products are
injected into the afterburner 62, the temperature rises because
the additional air is also injected and combustion occurs. This
is illustrated at 88.

Referring now more particularly to FIG. 5, there is pro-
vided a simplified illustration of the compressor and burner
turbine sections along with the afterburner and nozzle to
illustrate the principles of the present invention. As is therein
shown, a centra-skeletal rotor drum 90 is illustrated. The rotor
drum 90 rotates about a centerline 92 and is the only moving
part in the illustration of FIG. 5. The outer portion 94 as
illustrated in FIG. 5 is stationary and includes a plurality of
stator blades as shown at 96 which extend inwardly toward
the rotor drum 90. The centra-skeletal rotor drum has a plu-
rality of rotor blades extending therefrom. In the compressor
section, the rotor blades extend both outwardly away from the
centerline 92 as shown at 98 and inwardly toward the center-
line 92 as shown at 100. However, in the burner turbine
section, the rotor blades only extend outwardly away from the
centerline as shown for example at 102. The rotor drum 90 in
the compressor section is non-permeable. As a result thereof,
air which enters the engine as shown by the arrow 104 is
divided by the non-permeable drum into a first flow path as
shown at 106 and a second flow path as shown at 108 which
flow paths are maintained separate. The air is compressed by
the rotor blades in the compressor section as is well known in
the art. The major distinction in the compressor section from
compressors illustrated in other turbine engines is the utiliza-
tion of the centra-skeletal rotor drum to separate the air flow
and keep it into two separate areas as illustrated at 106 and
108. Fuel from a source 110 is then injected into the second air
flow path 108 in the compressor section. This may be accom-
plished by providing small holes in the compressor’s stator
blades which allows the fuel to pass into the air in the flow
path 108 so that it is compressed, heated, vaporized and very
thoroughly mixed on its path through the compressor in the
flow path 108. It should clearly be understood that none of the
fuel which s injected into flow path 108 is allowed to enter the
air in flow path 106. As above indicated, the fuel air mixture
in the flow path 108 is such that it has an equivalence ratio
above the mixture’s flammability limit and therefore even
though the fuel air mixture is compressed and heated by the
compressor in the flow path 108 because the equivalence ratio
is much higher than the flammability limit of the fuel air
mixture it will not ignite. The air in the flow path 106 is
compressed as it passes through the compressor section and is
then passed into a reservoir 112 where it resides under pres-
sure. The fuel rich fuel air mixture is passed from the com-
pressor section into the burner turbine section. At the same
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time it should be understood that the rotor drum 90 is now
permeable in the burner turbine section. Such is illustrated at
114. As a result air under pressure from the reservoir 112 is
allowed to enter through the openings 114 in the rotor drum
90 to the interior of the rotor blades one of which is shown at
102. The rotor blades in the burner turbine section also have
a plurality of small openings therein. As a result, the air from
the reservoir is allowed to pass through the openings in the
rotor blades in the burner turbine section. These holes are
designed as thin film cooling type holes in the turbine blades.
This will allow burning to begin in the burner turbine section
because as the air is injected through the thin film cooling type
holes, diffusion layer burning will be initiated on the bound-
ary layer where the two flows intersect and will also provide
cooling for the rotor blades. The flow rate of the air from the
reservoir 112 can be regulated to provide continuous burning
within the burner turbine section and such burning will be
maintained at a desired temperature. In addition, different
blade hole configurations may be utilized so that burning can
be effected on only one side of the turbine blades to thereby
increase the turbine’s ability to extract work. As air continues
to be passed through the thin film cooling type holes in the
turbine blades, the intraturbine burning of the fuel air mixture
is continued until the fuel rich mixture’s equivalence ratio has
been dropped from the high number at which it entered the
turbine to the fuel’s upper flammability limit equivalence
ratio, for example, an equivalence ratio of about 1.3 for jet
fuel at high velocities.

The combustion products from the burner turbine section
are then passed into the afterburner section and additional air
from the reservoir 112 would be passed through openings in
the rotor drum 90 into the afterburner section to cause the
entire volume of the air fuel mixture to combust and exit
through the nozzle 116.

By referring now more specifically to FIG. 6, there is
illustrated a turbofan engine constructed in accordance with
the principles of the present invention as above described. As
is shown in FIG. 6, there is provided a fan 120 which gener-
ates air intake as shown at 122 which enters the core engine
124 through the intake 126. Additional air is bypassed as
shown by the arrow 128 and functions as is well known in the
jet engine art. The engine includes a low pressure area 130
which passes air into the compressor section 132 which con-
tains the centra-skeletal rotor drum as above described in
conjunction with FIG. 5. The air passes accordingly through
the two flow paths and into the burner turbine section 134
where the fuel air mixture is burned as above described. These
combustion products then pass into the afterburner 136 and
outthe nozzle 138 along with the bypass air 128 to provide the
desired thrust.

FIG. 7 provides a more detailed illustration of the compres-
sor and burner turbine sections of the engine as illustrated in
FIG. 6. As is shown by the arrow 140, air is flowing into the
compressor section of the engine. As above described and as
here illustrated the centra-skeletal rotor drum is shown at 3
and divides the air flow into two separate paths as above
described. Fuel is injected at the position as shown at 1 by
passing it through the small holes in the compressor’s stator
blade so that a fuel air mixture is compressed, heated, vapor-
ized and very thoroughly mixed on its path through the com-
pressor section. Again as above described, the amount of fuel
injected is such that the equivalence ratio of the fuel rich fuel
air mixture is above the mixture’s flammability limit so that
even though the fuel air mixture is heated to a relatively high
temperature, it will not ignite or burn. The air in the flow path
as shown at 2 is not mixed with the fuel, but is compressed and
passes into the pressure reservoir as shown at 142 in FIG. 7.
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As shown at 5, the fuel rich fuel air mixture is passed into
the burner turbine where expansion occurs along with
intraturbine burning as shown at 6. Each of the rotor blades in
the burner turbine section is provided with a plurality of thin
film cooling holes that communicate with the air pressure
reservoir 142. Air under pressure from the reservoir 142 is
then forced through the thin film cooling holes appearing in
the rotor blades in the turbine section and when the hot gases
fuel rich mixture flowing around the turbine blades is con-
tacted by the air passing through the thin film cooling holes,
boundary burning is initiated. This is the diffusion layer burn-
ing and it only exists momentarily in a very controlled layer
around the rotor blade. This allows for precise temperature
and equivalence ratio control. As above indicated, the
intraturbine burning will continue until the fuel rich mixture’s
equivalence ratio has been dropped from the high number at
which it entered the turbine to the fuel’s upper flammability
limit equivalence ratio.

FIG. 8 to which reference is hereby made is a graph show-
ing the results of a mathematical analysis for a turbofan
engine constructed in accordance with the principles of the
present invention as compared to a typical modern turbofan
engine. As illustrated, the non-dimensional thrust of an
engine constructed in accordance with the principles of the
present invention approximately doubles at low speeds and at
higher speeds is consistently greater than that of the typical
modern turbofan engine and when the speeds reach high
Mach numbers on the order of 4 to 5, the non-dimensional
thrust of an engine constructed in accordance with the present
invention again doubles.

FIG. 9 is a graph showing the specific impulse as compared
to Mach numbers of an engine constructed in accordance with
the new design as compared to a typical modern double fan
engine. Again, it is shown that at low speeds the specific
impulse approximately doubles as it does at the high speeds
on the order of Mach 4 to 5.

FIG. 10 is a graph showing the propulsion efficiency of an
engine constructed in accordance with the new design as
compared to a typical modern turbofan engine, and as illus-
trated, the propulsive efficiency of the new engine exceeds
that of the typical modern turbofan engine.

FIG. 11 is a graph comparing the engine core size of the
present invention to a typical turbojet engine. As shown the
engine core size of the present invention is approximately
one-half that of the typical turbojet engine.

There has thus been described a turbine engine which does
not include a combustion chamber and is smaller in size by an
order of approximately one-half from a typical modern tur-
bofan engine but yet produces highly efficient operation and
increased thrust as compared to the typical modern turbofan
engine.

What is claimed is:

1. An engine comprising:

(A) an air intake, a compressor section, a burner turbine
section, an afterburner section and a nozzle disposed in
series within an outer portion;

(B) a rotating drum having an outer surface and an inner
surface disposed in said compressor section and said
burner turbine section;

(C) said rotating drum being non-permeable in said com-
pressor section and dividing air flow from said air intake
into first and second air flow paths which are maintained
separate throughout said compressor section;

(D) a source of fuel coupled to said compressor section
only at said second air flow path to inject fuel into said
second air flow path in an amount sufficient to establish
a fuel rich fuel air mixture having an equivalence ratio
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above the mixture flammability limit to preclude burn-
ing or combustion of the fuel air mixture in the compres-
sor section;

(E) said rotating drum being permeable in said burner
turbine section to inject air under pressure from said first
air flow path into said fuel rich fuel air mixture in said
second air flow path to reduce the equivalence ratio to a
level to establish and maintain intraturbine burning of
said fuel air mixture;

(F) said rotating drum having rotor blades extending out-
wardly from both said outer surface and said inner sur-
face in said compressor section;

(G) said rotating drum having rotor blades extending out-
wardly from said outer surface only in said burner tur-
bine section; and

(H) said outer portion including stator blades interspersed
between said rotor blades.

10

15

8

2. An engine as defined in claim 1 wherein at least one of
said stator blades in said second flow path defines a plurality
of'openings therethrough, said source of fuel being coupled to
said at least one of said stator blades to inject fuel into said
second flow path to create said fuel rich fuel air mixture.

3. An engine as defined in claim 1 wherein each of said
rotor blades in said burner turbine section defines a plurality
of openings therethrough to inject said compressed air into
said burner turbine section for generating said intra turbine
burning.

4. An engine as defined in claim 1 which further includes a
fan upstream of said air intake.

5. An engine as defined in claim 1 wherein said permeable
rotating drum extends into said afterburner section to inject
air under pressure into said afterburner section to continue
burning of the fuel air mixture contained therein.

#* #* #* #* #*



